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J, 
Rockwell Internat 

(1~184) 

ABSTRACT 

An experimental iwe6Mgation (I~l .84)  war conducted in the  MSA/Ames 

Research Center Unitary Plan Wind Tunnel 9 x 7 foot supersonic leg from 

A p r i l  6 through 13, 1979. 

which ran from January 24, 1978 u n t i l  tenulnated on February 2, 1978 

due t o  a problem with the  UPWT =in drive system. 

This test  was a continuation of test IA105B 

!he objectives of the test were t o  obtain: distributed preeoure 

data on each vehicle element and coaponent as affected by elevon 

deflection; wing load indicator data; orbiter force and moment data; 

elevon hinge moments3 and four component ver t ica l  tail force data. 

secondary objective of the test  was to obtain pressure data on a 

simulated ascent air data system probe mounted In the nose of the 

external tank. 

A 

Data were obtained a t  Mach numbers of 1.55, 1.8, 2.2 and 2.5 a t  a 

Reynold6 number per foot of 3.5 x lo6. 

angle-or-attack sweeps a t  a series of coastant engles-of-sideslip. The 

range of angles-of-attack and s ider l lp  was between % degrees. 

Dsta were obtained by maklng 

iii 
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ABS'PRACP (Concluded) 

Configuration variations consisted of a series of differential 

inbosrd/outboard elevon angle settings at xero aileron angle, with and 

Without the Shuttle Infrared Leeeide Tempersture Sensing (SIm) pod on 

the orbiter. 
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the orbiter. 

Iht m o d e l  wa6 instrumented with a t o t a l  of 762 pressure taps 

distributed as follows: 

and 138 on the solid rocket booster. 

meallured by a six-cumponent s t ra in  gauge balance. 

and shear were measured using a three-component balance (g8Uged Wing- 

mounting beam) on the right side of the nodel. 

each mounted on a strain-gauged beaa t o  measure hinge moments. 

4.43 on the orbiter, 181 on the external tank, 

Orbiter forces and moments were 

Wing torsion, bending 

%e r lght  elevons were 

Both 

p r e ~ ~ s u r e "  and "force" ver t ical  tails were u4ed during the test. !he n 

The 0.03-scale model (47-(rrs) of the space shuttle Integrated 

vehicle was tested i n  the HASA/Ames Unltary Plan Wind Tunnel 9 x 7-foot 

supersonic leg between A p r l l  6 and 13, 1979. 

IA184, wed a t o t a l  of 33 test hours In the facl l l ty .  Test IA184 was a 

continuation or  test IAlO5B which ran In the sapLC f ac l l l t y  from January 

24, 1978 u n t i l  it yss temlnated on February 2, 1978 due t o  a problem 

with the UPWT main drive system. 

-is t e s t ,  designated 

Ikta were obtained a t  Mach numbers of 1.55, 1.8, 2.2 and 2.5 a t  a 
6 Reynolds number per foot of 3.5 x 10 . 

at constant angles-of-sidesllp over a range of angles-of-attack and 

side6lip between 26 degrees. 

Angle-of-attack Sweep6 w e r e  run 

Configuration variations consisted of a series of different ia l  

inboard/outbosrd elevon angle setting at  zero aileron angle, v i t h  and 

without the Shuttle Infrared Leesiae Temperature Sensing (SILT") pod on 

6 
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INTRODUCTION (Continued) 

"force" vert ical  had a dummy balance gauged t o  measure shear, bending, 

torsion and the pitching moment of the vertical tall. 

This report prwides a description of the test consisting of remarks 

on the conduct of the test, descriptions of the model and the test - 
fac i l i ty ,  d e t a i l s  on test procedure, information on data reduction, and 

both plotted and tabulated test results.  

This  r e p o r t  c o n s i s t s  of 1 Volume of p l o t t e d - p r e s s u r e  d a t a  and tabu- 

l a t e d  f o r c e  d a t a ;  and 1 volume of t abu la t ed  p r e s s u r e  d a t a  on microf iche.  

The volumes are  arranged i n  t h e  fo l lowing  manner: 

- .. - _  

- .  

VOL. NO. CONTENTS 

1 I A 1 8 4  P l o t t e d  P res su re  Data 

1 IA184  Force Data Tabula t ions  

2 IA184 Tabulated P res su re  Data 
O r b i t e r  Fuselage (B) D/S 01-21 

2 IA184 Tabulated P res su re  Data 
O r b i t e r  Base (E) D/S 01-21 

2 IA184 Tabulated Pressure Data 
Body Flap ,  Top (G)  D/S 01-21 

2 IA184 Tabulated P r e s s u r e  Data 
, Body Flap ,  Bottom (F) D/S 01-21 

< 2  IA184 Tabulated P res su re  Data 
Vertical  T a i l  (V) D/S 01-09 P 

2 IA184 Tabulated P res su re  Data 
LH Wing, Upper Surface  (U) D/S 01-21 

. 2  IH184 Tabulated P r e s s u r e  Data 
LH Wing, Lower Surface  (T,) D/S 01-21 

MICROFICHE 
PAGE NO. 

1-6 

6-9 

9-12 

12-14 

14-16 

16-34 

34-52 

f 
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VOL. NO. 

2 

INTRODUCTION (Concluded) 

CONTENTS 

84 Tabulated Pressure Data 
External Tank (T) D/S 01-21 

2 IA184 Tabulated Pressure Data 
Left SRB (S) D/S 01-21 

2 IA184 Tabulated Pressure Data 
External Tank Protuberances (M) D/S 01-21 

2 IA184 Tabulated Pressure Data 
SRB Protuberances (N) DS 01-21 

2 IA184 Tabulated Pressure Data 
Miscellaneous (J) DS 01-21 

MICROFICHE 
PAGE NO. 

53-58 

58-63 

63-68 

68-72 

72-75 
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SIMBOL - 
- 

*i 

Bvt 
$r 

'Ab CAB 

- 
- 

Q f  CAF 

cAu CAU 

CBV 

cBw CBW 

CHEI Qei 

CHEO 

C l  CBL 

CmB CLMB 

Cmf CLMF 

CLMU 

Cn CYN 

'% CTV 

-B CNB 

C& CNU 

Qf CNF 

DEITEITIOH 

Area over which Pi ucts, ft2. 

Vertical tail bending moment, in-lbs. 

Wing bending mament, In-lbs. 

Orbiter base axial force coefficient. 

Orbiter forebody axial force coefficient. 

Orbiter axial  force coefficient, uncomected. 

Vertical tail bending moment coefficient. 

W i n g  bending moment cociiicient. 

Inner elevon hinge moment coefficient, about 
hinge l ine  X = 1387.0. 

Outer elevon hinge moment coefficient, about 
hlnge line X = 1387.0. 

Orbiter rolling nunnent coefficient, body 
axis eystem. 

Orbiter baee pitching moment coefficient. 

Orbiter forebody pitching manent cocfflcieat. 

Orbiter pitching moment coemcient ,  uncorrected 

Orbiter yawing lnoppent coefiicient . 
Vertical t a i l  yawing moment coefficient, using 
ver t ica l  tail reference. 

Orblter baee normal force coefficient. 

Orblter forebody normal force cocff'icient. 

Orbiter norms1 force coefficient, uncorrected 

9 



H ~ C L A T U R E  (Continued) 

T t  

Tvt 

TW 

CY 

CY0 

P 

P O  

CW 

CP (i) 

csv 

CTW 

CY 

- 
MACH 

- 

TTF 

- 
- 

ALPHAT 

ALPHA@ 

BETAT 

BETA@ 

D m T I O I ?  

Wing normal force (shear) coefflcieat. 

Surfice tap pressure coefflclent, port i. 

Vertical t a l l  shear force coefflclcnt wing 
vertical references. 

Wing torsion marneat coeii iclent.  

Orbiter s ide force coefficient. 

Inboard elevon hinge moment, in-lbs. 

Outboard elevon hinge manent, in-lbs. 

beestream Mach number. 

Vertical tall normal (shear) force, lbs. 

noma1 (rhear) force, IbS. 

Pressure at  surface tap i, pef. 

Freetatream etatlc pressure, psf. 

Rceetream total  pressure, psf .  

hartream dya6mi.c presrure, prf. 

Unit Reynolds number, million per foot 

~ r e e s t r e m  total  temperature, OR. 

Vertical tail torsion manent, la-lbs. 

Wing torsion mcment, in-lbe, 

Angle-of-attack of the ET/SRB's, degrees. 

Orbiter angle-of-attack, degrees. 

Angle-of-sideslip of the ET/SRB's, degrees 

Orbiter angle-of-eicle8Up, degrees. 

10 



NOMENCLATURE (Continued) 

SYMBOL 

6'1 

'e0 

ELVRI 

ELVRQ!J 

D0 

DI 

LB-ELV 

QIB-ELV 

PHI 

X/CBF 

X/LB 

xs /LS 

XT/LT 

xv/cv 

Xw/m 

YO 

DEFINITION 

Right inboard elevon deflection, under air load, 
degrees. 

Right outboard elevon deflection, under air load, 
degrees. 

Inboard elevon deflection, degrees preset (Right/ 
Left) . 
Outboard elevon deflection, degrees preset (Right/ 
Left) . 
Elevon increment due to air load, ELVRg-ERO. 

Elevon increment due to airload, ELVRI-ERI. 

Nominal inboard elevon setting - deg. 
Nominal outboard elevon setting - deg. 
Angular cylindrical coordinate position around 
body - deg. 
Chordwise location on body flap, fraction of local 
chord. 

Longitudinal location on orbiter body surface, 
fraction of body length. 

Longitudinal location on solid rocket booster 
body surface, fraction of body length. 

Longitudinal location on external tank body sur- 
face, fraction of body length. 

Chordwise location on vertical tail, fraction of 
local chord. 

Chordwise location on wing surface, fraction of 
local chord. 

Orbiter base lateral centerline. 

11 



NOMENCLATURE (Concluded) 

SYMBOL 

~ B F  Y /BBF 

% ZB/BV 

% Y /BW 

AADS 

G A P S  

SILTS 

XCP, XCPV 

R P W  

ycP V 

XCPW 

YCPV 

Y Y CPW 
cpw 

DEFINITION 

Spanwise location on body flap, fraction of body 
flap span. 

Spanwise location on vertical tail, fraction of 
vertical tail span 

Spanwise location on wing, fraction of seml-span 

Parametric value of rotation angle for AADS 
probes. 

Parametric value of 1.0 indicates wing gaps 
sealed. 

Parametric value - 1.0 indicates SILTS on and 0.0 
indicates SILTS off. 

Vertical tail center-of-pressure, longitudinal 
location, in. 

Wing center-of-pressure, longitudinal location, 
in. 

Vertical tail center-of-pressure, lateral location, 
in. 

Wing center-of-pressure, lateral location, in. 

12 I 



Test  U184 vas conducted basically as planned during the period 

between A p r i l  6 and A p r i l  13, 1979. 'Ihe nodel was installed i n  the 

tunnel during the week of Xarch 19, huwever, a variety of computer 

ana equipment problem8 delayed the test start date. 

the test were accomplished. 

A l l  obJectives of 

The te8t was conducted a8 planned except a8 follows: 

1. 

2. 

3. 

The pressure instrumented tailwss renaved and the force 
instrumented ver t ica l  installed pr io r  t o  the completion of 
Configuration 17 rather than mer.  Therefore, runs 53, 55 and 
56 are  repests of runs h8, 49, and 50, respectively, with the 
only change being the ver t ical  tail. 

mere vas no plan t o  run the "force" ver t ica l  with SILTS pod 
installed. However, thir configuration was tested during runs 
53 through 79. 

-8 104 through 109 repeat runs 93, 95, 97, 98, 100 and 102 
with tape covering a l l  metrlc gaps (except for  the main balance). 
These runs w e r e  made t o  again deteraaine the effects of the 
metric gap on the orbiter aerodynamic simulation. 

During the test varlouB event8 occurred havlng a pos8lble effect on 

the t e s t  results. Them Items are listed below. 

1. 

2. 

3. 

Pressure tap  688 had a slow leak for the entire test. 
moved frcm Scanlvalre A-2, Port 12 t o  Scanivalve 1-15, Port 29 
prior t o  the t ea t .  

Pressure taps 573 through 576, on the top of the vertical tail, 
were aea8ured on llllls 4 through 50. 
t o  Scanivalve B-13, Port8 25 through 28, rerpectively. 

It wB8 

lheee tap8 were connected 

Pressure tap8 291 through 297 were added t o  the orbiter prior t o  
the test. There tape are located a8 follows: 

13 



REMAFKS (Concluded) 

TAP 10, 

291 

292 

293 

294 

295 

2% 

297 

x, 
1317 5 

1317.5 

1390.0 
1430 . 2 
1454.5 

1454.5 

1480.1 

- 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

YO 

-106.6 

-106.8 

-113 4 

-117 5 

-1la. 9 
-117.0 

-122.7 

z, 
363 5 
402.0 

334.3 

334.6 

360 5 
402.6 

332.9 

4 
71.1 

91.1 

59.9 
60.9 

71.6 

91.3 
61.3 

- 

During runs 20 through 24 no data were obtained from Scadvalve 
A-1  (see Reference 1 for  affected pressure tap numbers) . 
Prior t o  run 43 the simulated @I2 pressure line 011 the external 
tank was broken ofY ait of StStiOn XT 1700 ( f u l l  scale). 
protuberance wag nairslng during runs 43 through 50, after which 
it -8 repaired. 

During runs 53 thFaugh 79 pressure taps 1392 and 1507 w e r e  
plugged 

mi8 

Duxing runs 53 through 115 all ver t ica l  tail pressure taps 
(5xx numbers) w e r e  disconnected (force ver t ica l  tall was 
installed). 

During runs 93 through 109, pressure tap 858 was plugged and 
857 and 887 were leaking. 

During run6 104 through log the following pressure taps were 
plugged: 

Check loading of the  wing (r ight hand) i n  the tunnel revealed 
that the wing fouled against the orbiter for negative values of 
torsion greater than 500 inch-pounds. 

182, 401, 409, 417, 425, 433 end 685. 

14 



me model for the IICLliAIAmee 9 x 7-ioot tunnel t e s t  period w a ~  a 

0.03-scale replica of the Rockwell International Space Shuttle Vehicle 

in launch conflguration. 

assembly o f  a payloed cafiylng orbiter, an expendable external oxygen/ 

hydrogen tank (fi)(which provides fuel fo r  the orbiter main enginer), and 

two expendable solid rocket boosters (SRB's). 

model I s  shown In Pygurt 2s. 

The launch conf'iguration consists of the  

%e general layout of the  

The orbiter is of blended ring body design with a double delta 

planform (8lo/45O lesiling c u e )  l2$ thick wing with f u l l  span elevons 

incorporating a six-inch Interpanel gap between the independently 

deflectable inboard and outboard panels. 

l ine  vertical ta l l  with rudder and/or speed brake capability i 6  mounted 

between two orb i ta l  maneuvering sy6te~n (CMS) pods, and a single body f l a p  

( t o  a i d  in t r i m  control while the speed brake is f lared during re-entry) 

A single swept (45') center- 

l e  f i t t ed  on the lover tralllng edge of the -elage. 

The orbiter ftmelsge is in accord with Rocbwell International 

control drawing VL7O-OOOlbA, with the vertical tall a8 deflned by 

dravlng VL70-000146A. The pods are of the later VL70-000lbC 

configuration, these being a ccmblnation or  the VL70-08401 .nb -70-08410 

drawings. 

in the MD-WO data book(8). 

t h i s  combination shall be referred t o  a8 a "102 orbiter" with the 

concurrence of the Aerodpnenics bad6 Group. 

Fitted t o  this i8 a new orbiter vehicle 102 Wing as defined 

lror the purpores of t h i s  t ee t  and report, 

!be orbi ter  18 shown in 

15 



COllFIouRATIQlDs IWE3TIGATED (Continued) 

Figure 2b. 

The ET l a  of cylindrical  croso section with a nominal diameter of 

333.0 lnche8 f i l l - sca le  and a maxiwrpl diemeter of 336.2 inches fill-scale. 

The forward portion of the  ET has a tangent ogive nose which telminates 

in a biconic nose cap over the LUX vent valve. The biconic nose has a 

p i to t  and two static pressure taps a6 a sensing part of the alrcent air 

data rystem (AADS). 'Phe forward t h i r d  of the tank is f i l l e d  with UIX, 

and the art two thirds  is a vessel for l iqu id  hydrogen. 

the tank I s  basically an ell ipsoid of revolution. 

vessels is a structure of st i f feners  which is sughtly larger than the 

n d n a l  tank diameter. 

insulation (SOIT) of varying thickness as dictated by the relative heat 

load, lee., approxirastely 2.5 inches thick on the tangent ogive, 1.0 

inch thick on the cylindrical  portion of' the  tank and 2.0 inch thick on 

the  rear elllpsold. 

Standing proud of t h i s  insulation are a number of external protuberances 

which fall in to  three major categories: 

and attach hardware. 

l ine  of the tank are rimulated, those which run up next t o  the  a f t  

orbiter/ET attach hardware are not. 

I82 feed and vent plumbing. 

part of the tank l e  the irant and rear FP/orbiter attach structure, which 

is discarded wi th  t he  ET a t  the end of t he  main ensine burn. 

The aft end of 

Between the two 

Covering the en t i re  tank is a spr8y on foam 

'Phe diameters given above include t h i a  SOR. 

- e lec t r ica l  trays, f l u id  l ines,  

Electr ical  trays which run parallel t o  t h e  center- 

P l d d  l lnes  modeled are the LQX and 

The attach hardware t h a t  i s  considered as 

16 



COICPIOURATIOBS IIIpEsTI(?A!CED (Continued) 

The external tank I s  b u i l t  t o  the geometry Uercribed above and more 

speclflcally t o  Rockwell International Interface Control Drawing 

ICD 2-oooO1, Rev, C, plus Interface Revlaion llotices B and C. 

external tank is  shown in figure 2c. 

The 

me two so l id  rocket boostere (SRB's) are 146-inch nominal diameter 

cylinders, each vith an 18-degree semi-angle nose with a 13.27-inch 

spherical t ip .  

the elmbaled rocket nozzle. 

ahield I s  prcmided between s k i r t  and nozzle. 

basic envelope include a forvard attach lw, ~epara t lon  thrusters front 

and rear, aft attach rlng, various stiffener8 and a f u l l  length electr i -  

cal system8 tunnel. 

An 18-degree flared skirt,  208.20-inch diameter, protects 

A flexible, donut-shaped seal and thermal 

Major protruaions fzwn the 

I n  copIppon with the urternal tank, the SHB I s  b u i l t  in accord with 

the Rockwell International Interface Control Document I C D  2-ooOOlC, with 

the supplement of Interiece Revision Hotices B snd C. An SRB is shown 

in Figure 26. 

The entire m o d e l  was therefore basically in accord with the 

Configuration 6 Isunch Vehicle, canprised of t h e  102 orbi ter  and T39 

tank and S q  boosters. 

The orbiter provided f o r  th i s  test series is constructed utilizing 

existing orbi ter  fuselage, ver t ica l  tall, CXS pods win& and body f lap 

components. An internal bea,m/bridge/balsnce block has been constructed 

t o  allow mounting the orbiter from the attach har&are of the E 2  and t o  

17 
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CO?@I(3URA!CIOBS IllVESTIGATED (Continued) 

meaaure SIX component airloads on the orbiter. 

(3) on yield and f ive ( 5 )  on ultimate have been observed. 

orbiter weighs approximately 140 pounds. The model has been principally 

fabricated of 17-4 stainless r t e e l  and aluminum alloy with some contour- 

ing with Renite. 

block of 17-4 bored and sleeved t o  accept t h e  Task 2.5-inch HK XXII 

balance. 

7076 aluminum pieces which form the outer mold l ine  of the ru4elage are 

bolted t o  It. 

fairings and two Wing fairings at  the rear of the body, two side covers, 

and e forward nose and top cover. 

7076-6 alurpfnum alloy and are  secured t o  the aft top cover with 10-32 

MCS. Ihe 

The fue l age  and (MS pods are heavlly pressure instrumented. 

Safety factors of three 

The complete 

'he  orbiter is fabricated around a control balance 

This block i e  located in the rear half of the fuselage and the 

These pieces conslet of a fuselage corer, two fweLage 

The two CMS pods are fkbricated of 

noecles are  sipluhted in aluminum as are the RCS thruetere. 

The wing i s  e two piece aluminum a r t i c l e  screwed t o  a central  

utednless s t e e l  wing be=. 

one wing on a tang on each side of the central  plate. 

tang i r  inrtnuented with s t ra in  gauges t o  form the three component wing 

load indicator balance. 

mold line of the bottam of the orbiter, the tangs are o f  cowe ,  out of 

the airutream. 

labyrinth r ea l  is prcmided on the  metric eidc t o  Improve the data quallty. 

The wings are extensively hollowed t o  reduce the plodel weight. 

This betam of cross shaped phllform SUppOZ%e 

The right hand 

While the center of t h i s  beam ronw the outer 

The wings are P3sde integral  with the glove and a 

The l e f t  



C O I W I C R J R A ~ ~  IWIS'~~~ATED (Continued) 

hand wing i r  instrumented wlth pressure taps. Each of the wings is  

fl t ted with deflectable Inboard and outboard elevon8 which are supported 

In torsion only by a beam ppounted on the hinge line, an& in a l l  other 

degrees of f'recdom by p l d n  bearing hinges, also on the male hinge 

line. Identical  R.H. and L.H. elevon supports insure similar aeroelastic 

Uetlectlons. The opposite end of the elevon support beam is f l t t ed  with 

a b a l l  bearing t o  minimize hyrtcresis effects. The right hand Ving 

panels a r e  supported on beam8 wbich are stra3.n gawes. Available 

deflections a r e  llsted In Table 111. 

(T.E. up) simulated fl ipper doors are f i t t e d  t o  the upper wing surface. 

An aluminum body f lap with hinge PlDment capability and 4 0  pressure 

Por negative elevon deflections 

tape is prcmided. 

beam pinned t o  an h c o  shaft and bracket. 

the ba l l  bearing mounted Armco hinge shafts which rupport the panel i n  

torsion. The reprainder of the loads are carried on the hinges. 

opposite, orbiter end of the flexture is  rupported In BTL Armco cavity 

The panel i s  mounted with a single component Annco 

This bracket I s  attached t o  

The 

through a single ball bearing t o  miniPrice hysteresis effects. 

of holes between the body flap bracket and the hinge shaft allow for  

Faur pairs 

selection of one of the four of settings, -11.7, 0, +16.3 o r  +=.5 

degrees. 

deflection changed during thlr test -try. 

!he hinge ament  oepability wae not used, nor was the body f lap 

Two ver t ica l  fails are provided f o r  this tes t ,  t he  first being of 

l7-m Annco with a single plain hinged rudder/rpeed brake on each cide. 
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C~GWRA"I0IVS IMVY!STIGA!FED (Continued) 

These panels are individually pinned t o  the hinge shaft, the shaft is 

then pinned t o  the  vertical .  

between the panels and the shaft t o  provide speed brake settings, 

lpive se t s  of hole pairs are provided 

!The 

ent i re  shaft is  then rotated end pinned t o  provide one of f ive rudder 

deflections; thw any combination of rudder/speed brake provided c8n be 

run. Ho rudder/speed brake deflections were used for t h i s  t es t .  This is  

a pressure instrumented surface with 76 pressures (including one of t h e  

base group, # 3 O l ) .  The hardline tubulations terminate at  the front of 

the base of the t a i l ,  f'rtnn whence the tubes are of flexible plast ic  t o  

the  Scsnivalves. 

wlth s ix  AHCS i n  a uavity a t  the upper rear of the fuselage. 

The tail i tself  I s  hard mounted t o  the balance block 

The second ver t ica l  is of aluminum and mounts through t h i s  .same 

cavity, but i s  supported on a balance t o  measure ver t ica l  ta i l  airloads 

directly.  The upper and lower halves of the l e f t  and r ight  paIlel6 of the 

rudder are a l l  separately hinged on b a l l  bearings, with single flexure 

s t r a in  gauge beams supporting each panel i n  torsion about t h e  hinge line. 

Panel deflections are set by changing brackets which are screwed t o  the 

rudder and pinned and screwed with 6-40 AHCS t o  the s t r a in  gauge beam. 

Again, the inner end of the  steel bean is  mounted i n  8 steel  pocket 

inser t  via a b a l l  bearing t o  minimize hysteresis. This arrangement 

allows certain discreet 6,/6& combinations only. llhe speed brake and 

rudder deflections remained a t  zero and rudder hinge moments were not 

measured durlng this test. 

20 
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COIVFIGURATIOIOS IlWZSTI[xATED (Continued) 

Simulated SSME nozzles are provided in the  base of the orbiter, since 

no sting interferes.  

degrees up, no yaw upper, and 10 degrees up, 3 1/2 degrees yaw outboard 

f o r  the  lower two. 

mounted t o  a base pla te  which cloees off the  balance cavlty a t  tbe back 

of the orbiter.  

The nozrler are B e t  a t  the nominal angles of 16 

!&e material used is aluminum alloy. The nozzles are 

The ent i re  orb i te r  i r  mounted on the balance mentioned, with the 

taper f i t t i n g  in to  a block in the  cavity a t  the rear of the fuselage 

mentioned above. 

balance block and a l so  t o  a s t i f fener  rod that run8 forward above the 

right corner of the balance block t o  a "flylng wedge" piece attached to 

the  right f ront  of the  longitudinal beam. 

t o  the bottom bean through holes i n  the  bottom of t h e  orbiter.  

This block is screwed t o  a beam running under the 

The ET attach hardware mounts 

The external tank is principally fabricated of aluminum alloy t o  

reduce weight and fabrication costs. The approximate weight of t h e  

external tank with instrumentation is 190 pounds. 

three (3) on yield and f i v e  ( 5 )  on ultimate have been observed in the  

design and construction of the tank. 

Safety factors of 

The 333-inch f i l l - s ca l e  diameter tank is bui l t  up out of four 

principal ehell-llke pieces that conform t o  the outer mold line of the 

tank including the spray on foam insulation. 

which includes the en t i re  tangent ogive (and 1s actually made up of two 

non-separsble pieces because of a late l ines  change), a cylindrical  mid- 

These pieces are a nose 
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body, a short cy l lnd r l ca l a f t  body, and en aft cap. 

back of the af t  body t o  fsir into the cap I s  a ring designated a re- 

contouring block, anU an .030-inch shim is  placed beneath thCr cap. These 

Slipped around t h e  
I 

h a t  two Item are a lso  the resul t  of a late l lnes change. 

The nore I s  secured t o  the aid-body with 1/4-20 AHCS, and the joint  

irolP the  a d  t o  aft body is secured vith 10-32 AHCS. I h e  m C ~ t O U i ~  

block is secured w i t h  10-24 AHCS and the cap is  fastened t o  the aft  body 

wi th  1/4-20 AHCS. There are two holes aft and one hole forward on each 

ride which are spotfaced inside and out t o  accept the SRB ring mounting 

studs and screm. 

Slipped Into the f r o n t  of the noae of the tank i s  a bicanic vent 

valve hourlng with an integral  lO-de8ree half-angle conical yaw probe 

a t  the front. 
- 

I This yaw probe (The Ascent A i r  Data System or  AADS) IS 

Instrumented t o  rcale w i t h  tro .OlO-inch OD hypodelmic tubing taps at the 

scale location, .w5-inch aft of the  t i p  of t h e  spike (taps 1901 and 

1902) 

I !!'he orbiter/EE attach hardware IS scaled t o  as great a degree 
I 

possible and is load bearing. 

fabricated from a single piece of 17-4 stainless steel  v i th  two end 

The orbiter/ET front attach vas originally 
I 

plates, but pr ior  t o  testing vas modifled t o  prevent orbiter roll ing 

mcment f'ra being t r a n e n i k  t o  the etructure by w e  of a pin Joint a t  

the orbiter. 

mld-body and is secured w i t h  10-32 AECG; the upper one f i t t ing into an 

The lower end plate  f l t r  Into a milled reccis in the ET 

22 
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C-GURATIORS IIIVESTIG- (Continued) 

analagous recess In the orbiter, and using 5/16-24 AHCS t o  f'asten it t o  

the orbi ter  balance bean. 

The af t  load i s  carried through tbe ver t ica l  run8 of the I& and 

I82 feed lines, which are bushed, hollow bolts securing the EZ t o  the  

orbi ter  balance block. 

stainless steel  and does not carry load. 

The simulated af t  fi/SRB attach hardware is  of 

Detailed external tank protuberances are provided and these are 

fabricated of 17-4 stainless and are secured by 3-48 ZECS holding inte-  

gralmounting buttons in to  re~esses i n  the tank. The pressure and feed 

line8 are as previously used on model 47-T on the 331-inch tank, the 

ellipsoid fairlngs and cable tmye are of necessity new construction. 

The f lner  details of t h i s  plumbing and the attachment of the button 

are accomplished wlth s i lver  solder. 

preesures are routed in to  t h e  tank f r a u  the  orbi ter  through the hollow 

rear attach bolts (l/b-inch I e D e )  and these and the cables frosn the tank 

Scanivalve and balance cables and 

Scanivalves are led out t o  the SRB's Just behind the SRE front attach. 

The entire tank and it's protrusions are pressure instrumented. 

The two aluminum SRB's are reworked from a previous usage with the 

principal alterations being t o  the protuberances, the  number of pressure 

taps (added t o  ref lect  the requests or the customer), and the mode of 

attaching the SRB t o  the ET. 

bear the expected loads and t o  carry the electr ical  leads through fran 

the  tank. 

The SRB t o  E 2  attachments were m o d i f i e d  t o  
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C O ~ W U T I Q A S  I ~ S T I G A ~  (Continued) 

The SRB's are fabricated of 2024-9'4 alumlnum alloy t o  reduce weight. 

The weight of the right hand SRB l e  approximately 40 pounds and the 

weight o f  the thinner, l e f t  hand SRB with the Scanlwlves I s  approxi- 

mately 21 pounds. Safety factors of three (3) for yield and five ( 5 )  f o r  

ultimate hare been observed in th i s  design. 

Both SKB'e are bui l t  around a 2.00-inch I.D. x 3.38-inch O.D. 

alumlnum sleeve. 

and t o  the body of the SRE wlth two l/4-inch pu l l  pins on each side. 

SRB itself consiets of four main parts, a nose cone, a forebody, an af t  

attach ring and an a f t  body and noxrle assembly. 

This sleeve is t o  be pinned t o  the eccentric adapter 

The 

The SRB'e are b u i l t  up around the forebody with a l l  Instrumentation 

Ihe  installed and are then slipped into the mounting holes In the tank. 

aft body, spacer skirt, nozzle and t h e m 1  protecting shield of 2024 

aluminum alloy are aseenibled wi th  2-56, 6-32 and 8-32 AECS and installed 

as a unit on the forebody, sandwiching the 17-4 stsinlese e t ee l  aft  

attach ring between them. 

with integral  different s ize  mounting studs that  simulate the afi attach 

s t ruts ,  the studs being threaded on the inboaril end. 

I 

This ring is caned  of a single piece of stock 
I 

I A 7/16 AHCS passes through the slmlated front attach t o  

secure the front of the SFtB t o  the ET, the nuts for t h i s  bo l t  and the 

two rear studs are inside of the E!C. 'fhe nose cone, which 18 of 2024 

aluminum alloy, s l lps  over the forebody of the SRB after the booster is 

secured t o  the external tank, and is fastened with four 6-32 AECS. 
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Hozzle actuator s t ru t s  are simulated on each of t h e  SRB af t  s k i r t s .  

!The SRB art sepsrstion t h n u t e r s  are of aluminum alloy and are attached 

t o  the s k i r t  w i t h  6-32 ABCS and locating pine. 

aluminum alloy and is secured with 2-56 AHCS. 

aluminum alloy snd are both bonded and attached with 1-64 WCS. 

s t i f fener  r i n g s  (4) are of 17-4 stainless steel and arc s p U t  t o  fit over 

the s k i r t  and snap in to  a locating groove. 

the  remainder of the groove with Renlte, an epoxy f i l l e r  resin. 

forward attach lug, just aft of the El' lug v i t h  the 7/16-inch securing 

 crew, i s  hollowed out t o  provide a 3/8-inch x 3/binch passage for 

instrumentation leads. 

The cable tunnel i s  of 

The s k i r t  s t i f feners  are of 

The SFB 

They are secured by f i l l i n g  

The 

The lef t  hand SRB is instrumented w i t h  pressure taps and 8 multiple 

To provide access t o  the valves, a cuver i s  flt t o  the 

All reference presrures, and 

Scanivslve unit. 

IB forebody and i s  secured with 6-32 ABCS. 

instnunentation leads from the SRB are run internal t o  the ILI fork of 

the Bt-0 

The following ncmenclature, i l lus t ra ted  i n  PYgures 2b through 2d, 

was wed t o  deeignste the plodel caPPponents; 

Symbol Description 

B62 -140 A/B I)ody 

-140 A/B Canopy c9 

'131 bl lo2 wing 

OV 102 Elevon E64 
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CQWIGURATIQIOS =TI- (Concluded) 

Symbol 

ni6 

1112 

Description 

Short Qbls pods, -140 C w/notzles 

SSfE noezles, OVlW complete 

R5 146 A Rudder 

v0 146 A Vertical T a i l  

FD3 Flipper Doors 

A configurstion code has not been assigned for the SILTS pod. 

T39 External Tank cornplete 330-inch 
O,D, wlth protuberances 

Solld Rocket Booster complete 
146-inch O,D, with protuberances 
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TEST FAC1:L;IIPP 

Ibis tunnel i s  one of the supersonic legs of the h e r  Unitary 

faci l i ty .  

tunnel. 

is of the asymmetric, rllding-block type in which the variation of the 

test section Mach number is achieved by translating, i n  the rtreemwlse 

direction, t h e  fixed contour block that forms the  floor of the nozzle. 

It l e  a clored circuit, variable deneity, continuous flow 

The test section i r  9 feet by 7 feet by 18 feet and the nozzle 

The temperature in a l l  three circui ts  i s  controlled by after-cooling. 

Dry air  f o r  use i n  the c i rcu i t  is supplied from four 30,oOO cubic-foot 

spherical tanka. 

the 8 by 7-foot tunnel. 

horsepower f o r  continuous operations o r  216,000 horsepower f o r  one hour. 

The tunnel drive motors and compressor also aerve 

The motors have a combined output of 180,OOO 
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TEST PROCEDURE 

The model was mounted upright in the tunnel on a steel forked sting 

supplied by Rockwell International. This sting was mounted to a primary ta- 

per adapter supplied by Ames Research Center and built by General Dynamics, 

Fort Worth. This adapter, through a system of arms and pivots, is designed 

to maintain the model in the center of the tunnel during angle-of-attack 

sweeps. 

The model was instrumented so that pressure and force data could be ob- 

tained simultaneously, except on the vertical tail where both pressure in- 

strumented and force (strain gauge) instrumented vertical tails were used. 

In general, only those model pressures were recorded which are aft of orbi- 

ter model Station X0=33 (model scale). This corresponds with ET Station 

X~'55.23 and SRB Station 38.94. Pressures on the AADS probe (only taps 1901 

and 1902), ET 40 degree cone taps 1010, 1012, 1014, and 1016 at X/LT = 0.02 

(Phi=O, 90, 180, and 2700, respectively), and some of the pressures on the 

attach structure and protuberances were also measured. Figures 2e through 

2p and Tables IV and V give the locations of the measured pressures. 

All model pressures were measured using four gangs of Scanivalves 

mobnted in the various elements of the model. Information on the Scanivalve 

installations and the pressure tap assignments to each valve are given in 

Reference 1, with any changes denoted in the Remarks section of this report. 

The orbiter was mounted on the ET by means of the AEDC/PWT MK XXII 

2.5-inch Task balance. The existing suspension system and balance sleeve 

for the MX XXXI balance (same dimensions as the MK XXII) were used. 
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TEST PROCEanrs ' (Cont i )  

The right hand wing was mounted on a rlngle beam three-component 

balance which rupportr the panel i n  all degrees of freedom. 

moment and one tomion moment flexures were provided. 

fitted w i t h  a labyrinth seal and fouling indicator. A thin s t r i p  of low 

density foam wa8 installed in the metric gap t o  minimize airflow through 

the gap. 

operational during the test. 

Two bending 

The metric gap waB 

Due t o  an e lec t r ica l  problem, the fouling indicator was not 

%be preViously manufactured d w  balance used with the Rforce" 

vertical ,  has been machined and gauged t o  form a four component balance. 

The balance has two yawing moment (ride force) gauges, one roll (torsion) 

gauge and one pitching lnament gauge. 

moment gauge is t o  allow for the  detertnination of interactions due t o  

axial  forces acting on the vert ical  tail. 

included the preosure instrumented vertical. 

in the pressure tubing were wed t o  permit a rapid change from the 

"pressure" t o  the  "force" ver t ical  tail. 

The r o l e  purpose of the pitching 

The Initial configuration 

"Quick-disconnect" plugs 

The right hand elevons were instrumented t o  IP~ISUI'C hinge moment 

directly via a beam t ha t  eupports the panel in torsion about a hinge l ine  

coincident with the scale hinge line. mu8, the output of the s t ra in  

gauge bridge was direct ly  proportional t o  the applled moment. 

angles used fo r  th is  test are given in Table III. 

Deflection 

~n =-supplied angular position indicator (dangleometer) was 

mounted i n  the external tank, and war used t o  position the  prodel in pitch 
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TIBT PROCEDtlRE (Continued) 

during the test. 

!The pressure transducers were not callbreted prior t o  the test but 

were check callbrated after the model was installed i n  the tunnel using 

the "reference" and "callbrate" ports on the  SCe~IliVrrlVC6 in accordance 

with norms1 ARC procedures. 

After instal la t ion a l l  pressures were either leak checked wing a 

hand-held vacuuza pump or continuity checked with rhop air when the 

or i f ice  was located i n  a position where it could not be leak checked. 

Leak checks were performed during model changes t o  check all pressures 

which had been disconnected during the model change. 

!be 2 1/2-lnch WK XXII balance and the vertical tail balance vere 

callbrated i n  the Alpe calibration laboratory prior t o  the test. 

calibration used for test a146 was used fo r  this test. 

moment gauges were calibrated in the tunnel after the model was installed, 

and were check calibrated m e r  each change in elevon angle. All balances 

were check-loaded after the modelvas installed in the tunnel. 

The Wing 

The elevon hinge 

After instal la t ion i n  the model the dangleometer wa6 calibrated mer 

t h e  angle-of-attack range required f o r  the test. 

The general t e s t  procedure was as followsr After starting the 

tunnel the desired test conditions for a pcrrtlculsr Mach number (the 

lowest required f o r  the subJect conf'lguration) were establlehed a8 given 

in Table I. The tunnel horizontal s t ru t  was then positioned to  give the 

required angle-of-sidesup and the d e l  Was then pitched through the 
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TEST PROCE~~URE (concluded) 

angle-of-attack range called for in the  21111 schedule using the General 

Dgnamics art iaulated sting. DBta w e r e  obtained during a pawe at each 

required angle-of-attack. Af'ter data were obtained in this m e r  at all 

anglee-of-eiderlip 8t a particular Mach number, the test condition8 were 

changed t o  the next higher Mach number and the procesa was repeated. 

After all data on a particular configuration had been obtained, the 

tunnel waa shut down for a model change t o  the next scheduled elevon 

rett ing.  

increments so that d a h  were obtained on the AADS pressure taps in four 

different positions. 

ver t ica l  tail MI made during the non-runnlng shir t  t o  provide 

sufficient time t o  check out the balance. 

ruaoved during a non-rumbg eh i f t  t o  midmice model chsDge time during 

Periodically, the AAD6 probe was rotated in 90-degree 

Ihe  change fran the "pressure" t o  the "force" 

!be SILTS pod WAS also 

the  running shift. 
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Standard ARC methods for  computing tunnel pBFBmetere, balance forces 

and moments, and m o d e l  attitudes were used. 

calculated fo r  all model pressuns. 

axle  8g$tem only) were computed for each balanae ueing the axis system 

Pressure coefflcients were 

Brce and moment CO@if iC ieXl tXI  (body 

defined in Figure la. 

account for  the difference between m e a s u r e d  base pressure and freestream 

pressure. 

Orbiter force and laolntnt data were adjusted t o  

Elevon hinge moments, end wing and ver t ical  t a i l  forces and 

lnaments were calculated in coefficient io= about reference locations 

specified for each component. 

The moment reference locations, in full-rrcale dimensions, are as 

follawst 

'potel vehicle 
(Used fo r  orbiter data): % 976, T+, + 400 

Wght wing! 

Right elevons8 

Vertical h i l t  

xo 1307, yo 105 

Hingeline a t  X, 1387 

Xo 1414.3, Zo SO3 

The at t i tude of the external tank/SRB's was calculated irool the 

sector reading and the output of the danglemeter mounted In the external 

tank. balance deflections were accounted for i n  determiniag the at t i tude 

of the orbiter. 

t o  applied loads was also calculated. 

The deflection of the elevons and the ver t ical  tail due 

B e  deflection of the Wing under 

load was found t o  be insignificant and therefore was not accounted for  i n  

data reduction. 
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DA!U REDUCTICX! (Continued) 

~re8suz-e coemcienta  computtcb IU roiim: 

= (Pi - Po)/q 
where "in repreaents the model or i f lce  nuniber. 

Standard six component body axis rorce coefficients w e r e  computed 

for the balance mounted orbiter. The reference area used was the orbiter 

wing a m ,  and the reference length fo r  manent coeflXciente vas the 

orbiter reference length. Momenta were canputed at the  integrated 

vehicle reference center which is at the orbiter nose on the tank center- 

line. This is located at % - 976, yT = 0, + = 400 in tank coordinates, 

and X, = 235, Yo = 0, 2, = 63.5 in orbiter coordinates. 

tranafer dipenslona are depicted in Pygure IC. 

The balance 

The norms1 force, axial force, and pitching moment coefficients f o r  

the orbi ter  were adjusted fo r  base pressure as follows: 

where XI, X2 and 21 are  the distances t o  the centroid of the area irOm 

the moment reference center. 
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M!PA REWC!LTQII (Continued) 

The reaultlng coefficients are applied as rollowe t o  obtain the 

forebody coefficients: 

‘Af = C& - CAB 

Cnr cllu - CIIB 

C + - % - c %  
The model canponent loads were reduced to force and moment 

coefficients in the rollawing manner: 

For wing center-of-pressure: 

cBw bw yep, * 105 + - - CN, 0.03 

? 
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DATA REDUCTION (Continued) 

306 

307 

305 

309 Y 

For vertical tail center-of-pressure: 

cnv Cvt Xcpv 1414.3 - - - Csv 0.03 

For elevon hinge moments: 

Chei = Hei/ [(q) (se) (cell 

C = Heo/ [(SI (Se) (ce) J 

A schedule of completed runs is given in Table I1 which is the Data 

Set/Run Number Collation Summary for the test. 

Reference dimensions and constants used were: 

SYMBOL 

A301 

A302 

A303 

A304 

A305 

A306 

A307 

A308 

A309 

VALUE 
MODEL SCALE F"LL SCALE 

- 0 -  

0.022146 f t. 

0.122387 

0.005970 

0.004909 

0.009287 

0.007960 

0.010613 

0.022554 

DESCRIPTION 

Orbiter base area 
for pressure tap so1  

I 
302 

303 

304 

305 
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DATA REDUCTION (Continued) 

I- 

SYMBOL 

A3 10 

VALUE 
MODEL SCALE FULL SCALE 

0.003980 

0.023217 

0.016584 

0.001327 

0.011940 

0.013798 

0.007297 

0.012603 

0.017247 

0.02 1758 

0.015920 

0.017247 

0.014328 

0.006103 

0.026003 

- 0 -  

- 0 -  

- 0 -  

- 0 -  

0.01151 f t . 2  

0.010267 f t . 
0.0089838 f t . 

DESCRIPTION 

O r b i t e r  base a rea  
f o r  p re s su re  t a p  3 10 

31 1 
1 

312 

3 13 

31A 

315 

316 

317 

318 

3 19 

3 20 

321 

322 

323 

324 

f o r  p re s su re  t ap  401 

4 0 2  

403 

404 

405 

40 6 

407 
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c 
f o r  pr 

SYMBOL 

408 sure  t a p  A408 

A409 

A 410 

A 411 

A 412 

A413 

A414 

A415 

A416 

A417 

A418 

A419 

A420  

A421 

A42 2 

A423 

A 4 2 4  

A425 

A426 

A427 

&28 

A429 

A430 

DATA REDUCTION (Continued) 

VALUE 
MODEL SCALE FULL SCALE 

0.0077004 f t .  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

0.012834 f t. 

0.012834 f t . *  

0.012834 f t . 
0.012834 f t. 

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

- 0 -  

409 

4 10 

411 

12 

413 

414 

415 

416 

41.7 

418 

419 

420 

42 1 

422 

423 

4 2 b  

42 5 

426 

42 7 

428 

429 

430 
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DATA REDUCTION (Continued) 

~ 436 

437 

SYMBOL 

A431 

A432 

A433 

A434 

A435 

A436 

A43 7 

A438 

A439 

A440 

b 

bw 
- 
C 

Ce 

Cvt 

Se 

s* 

Svt 

X1 

*2 

XT 

VALUE 
MODEL SCALE FULL SCALE DESCRIPTION 

- 0 -  

- 0 -  

- 0 -  

- 0 -  

Body flap base area 
for pressure tap 431 

432 
I 

433 

434 

- 0 -  I 435 

- 0 -  

.011551 ft.2 

.010267 ft.2 

.0089838 f t . 
438 

439 

.0077004 f t . 440 

38.709 in. 1290.3 in. Orbiter reference length 

28.101 in. 936.7 in. Wing bending reference length 

14.244 in. 474.8 in. Mean aerodynamic chord 

2.721 in. 90.7 in. Elevon reference chord length 

5.994 in. 199.8 in. Vertical tail reference chozd 
length 

0.189 ft.2 210.0 ft.2 Elevon reference area 

2.421 ft.2 2690. ft.2 Wing reference area 

0.3719 ft.2 413.25 ft.2 Vertical tail reference area 

37.890 in. 

39.890 in. 

Base pressure transfer 
d i s t anc e 

Base pressure transfer 
distance 

-25.570 in. -852.33 in. Longitudinal transfer distance 
from orbiter balance reference 
point to integrated vehicle MRC 
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DATA REDUCTION (Concluded) 

c VALUE 
MODEL SCALE FULL SCALE DESCRIPTION SYMBOL 

2.341 in. 78.03 in. Longitudinal transfer distance 
from vertical tail balance 
reference center to vertical. 
tail MRC 

xTV 

9.795 in. -326.5 in. Base pressure transfer 
distance z1 

-9.795 in. -326. 5 in. Vertical transfer distance 
from orbiter balance center- 
line to integrated vehicle 
MRC 

zT 

0.632 in. 21.07 in. Vertical transfer distance 
from vertical tail balance 
centerline to vertical tail 
MRC 

‘TV 
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1. STS-79-0016, "Pretest Information f o r  Test  IA184 of t h e  0.03-Scale 
Pressure LoaBs Model 47-OTS of the Space Shuttle Integrated Vehicle 
in the 9 x 7-Foot Supersonic Test Section of the UnitaFy Plan Wind 
Tunnel a t  Ames Research Center," dated March 5,  1979. 

2. SDTT-SB-0227, "Pretest Information for Test IAlO5B of the 0.03-Scale 
Pressure Loads Model 47-oTs of the Space Shuttle Integrated Vehicle 
in the 9-Foot by 7-?oot Supersonic Test Section of the Unitary Plan 
Wind lPunnel at W/Ames Research Center," dated October 12, 19'77. 

3. "Research B c i l i t i e s  Summary, Volume I1 - Wind Tunnels: Subsonic, 
R9neonic, Supersonic, " lWA/Ames Research Center, dated December, 
1965 
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TABLE I. 

TEST CONDITIONS 

REYNOLDS NUMBER 
MACH NUMBER 

I I I I 
I 

I 
I I I 

I I I 1 

NF 

SF 

A F  

PM 

RM 

YM 

COMMENTS: 

C A PAC ITY : 

5,000 lbe 

800 lbs 

2,000 lb6 

ACCURACY: 

t.546 

I 
I 

4,000 in-lbe 4- 

COEFFICIENT 
TOLERANCE: 

I 
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! 

-2 

-5 

-7 

~ 

I2 

10 

8 

4 

0 

-1.78 

-4.98 

-6.88 

WEASURED 

12.45 

10 . 58 
8-32 
4.45 

0 I o  

+2 I 2.23 

0 0 

45 

2.42 

0 

-1.72 

-4.98 

-6 02 
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TABLE IV. MODEL 47 ORBITER flTsEuLcE PRESSURE 'PAP ASSIG"S 

ORBITER II  

70 8s 

161 

164 

175 

185 

193 

196 

?06 

IOTES: LO = 1290.3 Inches 

105 110 l2( 
I 

166 16 

177 

218 215 

223 221 

187 18t 

198 195 

208 204 

214 215 

216 217 

L 

150 165 180 

169 170 171 
180 181 

221 222 

226 227 

190 191 1m 

z - 
1 

10 

9 

5 

5 
10 

1 

10 

2 

9 

2 

2 

3* 

3" 

3* 

3* 

- 

Taps 214, 215 Inrlde Base Region 
* Also Included In Body Flap Wble 
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d.  W i n g  Moment Reference Center 
Figure 1. Continued 
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f. Definition of Vertical Stabilizer Coefficients 
Figure 1. Continued. 
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g. Definition of Elevon Hinge Moment Coefficients 
Figure 1. Concluded. 
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f. Orbiter Base Pressure Instrumentation 

Figure 2. Continued. 
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I 

k, Bternsl Tank Protuberance Pressure Instnunentation 
Figure 2. Continued. 
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Y o . -  h!?” 

1. External Tank Protuberance Pressure Instrumentation 
Ngure 2. Continued. 

7 1  



.-;. T 
+ 
I 
1 

m. Sol id  Rocket Booster Pressure Instrumentation 
Figure 2. Continued. 
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n. Sol id  Rocket Booster Base and Protuberance Pressure InstrumentLtion 
Figure 2. Continued. 
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0. Solid Rocket Booster Protuberance Instrumentation 
Figure 2. Continued. 
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p. Sol ld  Rocket Booster Protuberance Instrumentation 
Flgure 2. Concluded. 
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b. Three-Quarter Rear V i e w  of Model 470TS i n  t h e  ARC 9x7 Foot UPWT 
Figure  3 .  Concluded 
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